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Field of the Invention 

The present invention relates to a glycoprotein obtained from the culture broth of the human-derived 
fibroblasts, biologically active factor which includes glycoprotein, and pharmaceutical product which com- 
5 prises biologically active factor as active component. 

The glycoprotein in the present invention, which shows cytotoxic activity to various tumor cell lines but 
not to normal cells, is a new tumor cytotoxic factor, leukemic cell differentiation inducing factor, cellular 
immunology enhancing factor, vascular endothelial cell growth factor and hepatocyte growth factor. This 
material is useful as an anti-tumor drug, an anti-leukemia drug, a cellular immunology enhancing drug, a 
10 wound healing drug and a liver regenerating drug, etc. or a biochemical or pharmacological reagent. 

Description of the Related Art 

jS-lnterferon is a representative factor as the biologically active factor, for example, the tumor cytotoxic 
75 factor which is produced by human-derived fibrobrasts. This is a glycoprotein which is secreted by the 
fibroblasts, when after the culture, the cells are harvested and stimulated by poly l-polyC or sendai viruses. 
It has been clarified that the protein has various physiological activities in addition to its anti-virus or anti- 
tumor action. A fibroblast-derived tumor cytotoxic glycoprotein called as CBF is represented in Japanese 
Laid-Open No. 58-146293. A tumor growth inhibitory factor (INF) with a molecular weight of 35,000 to 
20 45,000 which is purified from the culture broth of human tissue-derived fibroblasts is disclosed in Japanese 
Laid Open No. 671-33120. Also, a tumor necrosis factor-like material which is purified from the culture broth 
of fibroblasts, a fibroblast-derived necrosis factor, FNF, and a biologically active material with the cytotoxic 
activity, which is produced by animal fibroblast ceils and has a molecular weight of 40,000 to 50,000 and an 
isoelectric point of 5.0+0.5, are disclosed in Japanese Laid Open No. 61-56131, Japanese Laid Open No. 
25 61-1872, and Japanese Laid Open No. 62-103021, respectively. Furthermore, all amino acid sequence and 
cDNA sequence coding for the amino acid sequence of a tumor cytotoxic factor, which is obtained from the 
culture broth of human-derived fibroblasts, with a molecular weght of 36,000±1 ,000 and an isoelectric point 
more than 10.5, are disclosed in Japanese Laid Open No. 64-10998. 

30 Summary of the Invention 

The present inventors have investigated about a biologically active material which is contained in the 
culture broth of human-derived fibroblasts and have found a glycoprotein with various biological activities, 
which is different from the materials reported previously in points of the molecular weight and the isoelectric 
35 point etc. 

Therefore, the main aim of the present invention is to offer the new glycoprotein, biologically active 
factor which includes said glycoprotein, and pharmaceutical product which comprises said biologically 
active factor. 

A new human fibrobrast-derived glycoprotein in the present invention (it is called as TCF-II hereafter) is 
40 charaterized by the following physichochemical properties. 

a. Molecular weight; On SDS gel electrophoresis, 78,000± 2,000 or 74,000±2,000 under the nonreduced 
conditions and a common band A with 52,000±2,000 and band B with 30,000±2,000 or band C with 
26,000 ± 2,000 under the reduced conditions. 

b. Isoelectric point; 7.4 to 8.6. 

45 c. Heat stability; Stable in the heating at 60° C for 10min. 

d. pH stability; Stable in the range of pH6 to 9. 

e. Carbohydrate chain; Adsorbed to a Concanavalin A (Con A)-Sepharose column. 

f. Biological activity; Inhibit the growth of KB cells, HeLa cells, and L-929 cells but not IMR-90 cells. 

g. Reactivity to antibodies; The cytotoxic activity is not neutralized by anti-TNF antibody, anti-lymphotoxin 
so antibody, and anti-interferon-iS antibody. 

Furthermore, the suitable lot of TCF-II in the present invention has the following properties in addition to 
the above physicochemical characteristics (a~g): 

h. N-terminal amino acid sequence; The above mentioned band B and band C are subchains of band A, 
respectively. N-terminus of band A is blocked. Band B and band C has common N-terminal amino acid 

55 sequence as follows; Vai-Val-Asn-Gly-IIe-Pro-Thr- 
or 
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Val-Yal-Asn-Gly-Ile-Pro-Thr-X-Thr-AsTi-Ile-Gly-X-Met- 
Val-Ser-Leu- 

X means an unidentified amino acid. 

i. Amino acid composition; When it is hydrolyzed with HCi, it exhibits the following amino acid 
composition. 



A. A 


nraol 


mo IX 


Asp 


10.375 


12.97 


Glu 


7.750 


9.69 


Ser 


5.000 


6.25 


Gly 


7.250 


9.06 


His 


3.000 


3.75 


Arg 


5.375 


6.72 


Thr 


5.125 


6.41 


Ala 


2.625 


3.28 


Pro 


5.625 


7.03 


Tyr 


3.875 


4.84 


Val 


4.125 


5.16 


Met 


1 .875 


2.34 


Cys 


ND 




He 


5.000 


6.25 


Leu 


4.875 


6.09 


Phe 


2.250 


2.81 


Trp 


ND 




Lys 


5.875 


7.34 



total 80.000 100(99.99) 

Furthermore, all the primary sequence of TCF-II in the present invention was deduced from its 
complementary DNA (cDNA). TCF-II cDNA was cloned by screening cDNA library which was prepared by 
using mRNA purified from total RNA which was extracted from human embryonic fibroblast cells (IMR-90), 
according to the following method. 
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(1) Extraction of poly(A) + RNA from IMR-90 cells 

Total RNA was prepared by guanidine thiocyanate-cesium chloride method (Biochemistry 18 5294- 
5299(1979)) from 2x10 s IMR-90 cells which were cultured in the Dulbecco's modified eagle (DMEfmedium 

5 containing 5% of new born calf serum (NBCS). The IMR-90 cells were suspended in 28ml of 6M guanidine 
thiocyanate containing 5mM sodium citrate, 0.5% Sarcoseal and 0.1 M jQ-mercaptoethanol, and were 
homogenized. 5.7M cesium chroride solution, 4ml containing 0.1 M EDTA was put into polyallomer 
centrifuge tubes. The homogenized solution, 7ml was loaded on the cesium chrolide solution and then 
centrifuged at 35,000 rpm, 20° C for 16 hours, using 40TI rotor of Beckman centrifugator. After centrifuga- 

10 tion, the pellets were washed twice with 95% ethanol and dissolved in 200 ul of 10mM Tris HCI buffer 
(pH7.5) solution containing 1mM EDTA by heating at 65 °C for 5 min, designated as total RNA solution. 
Poly (A) + RNA was purified from the total RNA by the method of oligo (dT)ceilulose-column chromatog- 
raphy. The total RNA solution was loaded on the oligo (dT) cellulose-column which was equilibrated with 
10mM Tris HCI buffer(pH7.4) solution containing 1mM EDTA, 0.5M NaCI and 0.05% SDS. The adsorbed 

75 fraction was eluted with 10mM Tris HCI buffer, pH7.4, containing 1mM EDTA and 0.05% SDS , and 
designated as poly(A) + RNA solution. 

(2) Synthesis of cDNA library 

20 Double strand cDNA was synthesized by using poly (A) + RNA from (1) as a template and by using 
cDNA synthesis kit (Pharmacia Co. Ltd), and was attached EcoR I adaptor. The method of synthesis was 
performed according to the protocol of Pharmacia Co.Ltd, exept addition of reverse transcriptase (40 
units/reaction mixture, Life Science Co. Ltd ) derived from non-sphere disease virus of avian bone marrow at 
the synthesis of single strand DNA. 

25 

(3) Preparation of cDNA libraly 

The cDNA obtained from (2) was inserted in EcoR I arm (Promega Co. Ltd) of phage vector X gt10. 
3.3 ug of cDNA synthesized from poly(A)*RNA was dissolved in 150 julI of column buffer, 66 mM Tris-HCI 
30 buffer (pH7.6) containing 1mM spermidine, 10mM magnesium chloride, 15 mM dithiothreitol and bovine 
serum albumin (0.2 mg/ml). 5.2 ul of the above solution was mixed with 1 ug of Xgt 10 EcoR I arm, and 
then precipitated with ethanol. Recombinant phage DNA including both Xgt 10 and cDNA was prepared as 
follows. The above precipitate was reconstituted in 9 ul of the column buffer and was incubated at 16 °C 
overnight by adding 1 ul of 10mM adenosine triphosphate and 1 u! of T4 DNA ligase (350 units/ul). 

35 

(4) Screening of cDNA library 

(i) Preparation of oligonucleotide probe 

40 For preparation of probe, a mixture of complementary oligonucleotide of 17 mer (384 species mix) 
corresponding to the amino acid sequence from Val 1 to Pro 5 in N-terminal amino acid sequence of TCF-ll 
£-chain was synthesized and labelled 5' terminus with T4 polynucleotide kinase (TAKARA SHUZO) and [7- 
32 P]ATP (Amersham, Co, Ltd), This probe is shown as following; 
complementary strand used as prove: 

45 (384 species mix ) 

3 ' -CACCACTTACCGTAGGG- 5* 

50 

G G G C A 
A A AT 

55 T T T 
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(ii) screening of recombinant phage 

About 500 thousand plaques of phage were obtained by in vitro packaging of the recombinant phage 
DNA solution which was obtained by (3), using Gigapack Gold (Stratagene) and then by infecting to E.Coli 
5 C600hfl. After adsorption of the plaques to Hybond-N filter (Amersham), they were denatured with alkali, 
neutralized and baked at 80° C for 2 hours. Hybridization was performed by the method of Beli et al (Nature 
310 775 -777, 1984). The first screening was carried out by using the mix probe which was obtained from 
(1)7 One clone which would contain TCF-ll fragment was found in the positive plaques detected by the first 
screening. 

10 

(5)Cloning of full length of TCF-II cDNA 

Internal amino acid sequences (one letter code),(a) NYMGNLSQTRSGL and (0) 
TSXSVYGWGYTGLINYDGLL(X:not identified) were obtained respectively from a-and 0-chains of TCF-ll by 

15 digesting them with lysylendopeptidase and subsequently by mapping their fragments. N-terminal amino 
acid sequence of £-chain of TCF-ll was coincided with that of ^-chain of one of the human hepatocyto 
growth factors (hHGFs). Moreover, the above mentioned internal amino acid sequences (a) and (0) in TCF-ll 
were located in a- and 0-chain of both hHGF, respectively. Therefore, it has been thought that TCF-ll is 
expressed from one of the family of hHGF genes. MIYAAWA et al, (BBRC 163 ,967-973 (1989)) and 

20 NAKAMURA et al. ( Nature. 342 ,440-443 (1989)) reported the hHGF cDNAs from placenta and liver cDNA 
libraries, respectively. 

Comparison of all the primary sequence deduced from both hHGF cDNAs revealed differences in amino 
acids at 14 sites in their sequences. From these results, the presence of the family of hHGF genes was 
suggested. Identical regions between placenta type and liver type hHGF cDNAs were chosen as primer 
25 sequences for Polymerase Chain Reaction (PCR). The identical oligonucleotides of both hHGF cDNAs at 5 1 
and 3 f non-coding region were chemically synthesized and screening of TCF-ll cDNA was carried out by 
PCR using them as primers. Sal-77primer which have a cleavage site of restriction enzyme Sal I and 
Sph2203 primer which have a cleavage site of restriction enzyme Sph I were synthesized by DNA 
synthesizer (Applied Co. Ltd). These primers are shown as following: 

30 

Sal-77 primer: 5 ' -G GTCGAC TAGGCACTGACTCCGAACAGGATTC-3 ' 

Sal I 

35 

Sph2203 primer : 5 9 -G GCATGC ACAGTTGTATTGGTGGGTGCTTCAG-3 ' 

Sph I 

40 

cloning with PCR method was carried out by following procedures, 
(i)PCR 



45 



50 



55 
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70 



15 



20 



35 



cDNA synthesized as described in (2) 1 [i 1 

(dissolved in 150^1 of column buffer) 

20/zM Sal-77 primer 2.5/* 1 

20 f£ M Sph2203 primer 2.5^1 

10XPCR reaction solution 10 fi 1 

(lOOmM Tris HC1 buffer (pH8.3) containing 

500mM KC1, 15 mM MgCU and 0.1% (W/V) gelatin) 

1.25mM dGTP , dATP, dTTP , dCTP, mixture 16 n 1 

Ampli Taq (5 units/^z 1 TAKARASHUZ0) 0.5/zl 

Distilled water 67.5^1 



After above solutions were mixed in microfuge tube with 0.5 ml volume size and covered on the liquid 
surface with 100 ill of mineral oil (Sigma Co. Ltd). PCR was carried out by the Quick Thermo System 

25 (Japan Genetics Co. Ltd). After pretreatment at 94 'C for 7 min, a three-step reaction which consists of 
annealing reaction, at 55° C for 3 min; polymerase reaction, at 72 °C for 2min; and denature reaction, at 
94° C for 2 min was repeated 35 times. Then the reaction mixture was treated for 3 min at 55 ° C, and 
subsequently for 11 min at 72 * C and then reterned to room temperature (Each time includes the altering 
time of temperature). When a part of the reaction mixture was analyzed an electrophoresis using agarose 

30 gel, a DNA fragment consisting of about 2.3 kirobases (Kb) which was thought as aimed TCF-II cDNA, was 
obtained. Then, the DNA which was obtained from fourtubes containing the above mentioned reaction 
mixture was precipitated with ethanol and digested with restrict-ion enzymes, Sal I and Sph I. After an 
agarose gel electrophoresis, DNA fragment with about 2.3Kb was recovered by using DE81 paper (Watman 
Co. Ltd). 



(ii) Subcloning 



The DNA fragment with 2.3Kb digested with restriction enzymes, Sal I and Sph I, which was obtained 
from (1), was inserted using ligation kit (TAKARA SHUZO) into a vector fragment which was onbtained by 
40 digestion of plasmid vector pUC18 (Japan gene Co. Ltd) with restriction enzymes, Sal I and Sph I, and 
transfected into Esherichia Coli DH5a (according to protocol of BRL Co. Ltd). More than 20 subclones could 
be obtained. 



(iii) Determination of base sequence 

45 

The base sequences of obtained subclones were determined by the dideoxy-method (Sequeanase Ver. 
2.0 TOYOBO). Incorporation errors of nucleotides on the Ampi Taq (TAKARA SHUZO) were corrected by 
the analysis of base sequences of several subclones. The base sequence of TCF-II cDNA obtained by the 
above mentioned procedure and amino acid sequence deduced from the base sequence are shown in 

50 Fig.15. It consists of 2172 base pairs (bp) from ATG of initiation codon for transcription to TAG of 
termination codon. If translated into amino acid, TCF-II consists of 723 amino acids. Amino acid sequence 
from the first methionine (Met 1 ) to the 29 th alanine (Ala 29 ) residues is presumed as a signal sequence. As 
shown in Fig.15, TCF-II in which two polypeptides consisting of a chain and 0 chain are bound by disulfide 
bond is synthesized initialy as a single chain. Since N-terminus of a chain in TCF-II was blocked, it was 

55 unidentified. However, N-terminal amino acid sequence of & chain and a few internal amino acid sequences 
of TCF-II were determined as above mentioned, and were shown in Fig.15. 

The obtained base sequence of the TCF-II cDNA is very similar to hHGF which has been found by 
MIYAZAWA et al (Biochemical and Biophysical Reseach Communication 163 967-973 (1989)). TCF-II cDNA, 
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however, deletes five amino acid residues (F-L-P-S-S) from Phe 1G2 to Ser 165 in the amino acid sequence of 
hHGF. Therefore, the facts revealed that TCF-ll cDNA was new one of the family of hHGF genes. The 
comparison between the amino acid sequence of TCF-ll, which is deduced from above mentioned base 
sequence, and the amino acid sequence of hHGF (MIYAZAWA et al) is shown in Fig. 16. 

5 The method to obtain the new glycoprotein, TCF-ll which is characterized by the above mentioned 
physicochemical properties is described in the followings. 

Any human-derived fibroblast can be used as a cell for the production of the material in the present 
invention. Human embryonic lung-derived fibroblast ceils, human embryonic kidney-derived fibribrast cells, 
and human embryonic prepuce-derived fibribrast ceils etc. are given as suitable cells. In the performance of 

w the present invention, IMR-90 ceils (ATCC CCL 186) and WI-38 cells (ATCC CCL 75) etc. are preferably 
suitable. 

These cells are grown in serum-enriched medium or serum-free medium which are used in the 
common cultures. Dulbecco's modified Eagle medium (DMEM) containing 5% bovine calf serum is given as 
the representative medium. Amino acids, transferin, fatty acids and hormones such as insulin etc. can be 
15 added if necessary. 

The cells are cultured in the medium, and the standing culture using T flask etc., the floating culture 
using microcarrier, and the continuous culture using hollow fiber or ceramic carrier are able to be adopted. 
It is preferable that the culture is carried out in atomosphere with 5% C0 2 at 20 to 37 °C as the culture 
condotions and that the medium is exchanged every 2 to 3 days. After the cell density reaches the 

20 optimum, the medium is exchanged every 7 to 10 days and the culture broth is collected. The aimed 
glycoprotein is purified from the collected culture broth. 

The collected culture broth is concentrated by UF concentration using a membrane with a pore size of 
M.W. 6,000. The aimed glycoprotein in the UF concentrate is adsorbed to cation exchange resins and then 
eluted from the resines with buffer containing 0.3 ~ 0.6M NaCI. CM Sephadex (Pharmacia) C-50 etc. can be 

25 given as the ion exchange resins. The fractions which have the potent cytotoxic activity are collected and 
subsequently applied to affinity chromatography for glycoprotein. ConA-Sepharose is especially suitable to 
affinity chromatography for the aimed glycoprotein. The affinity column is equilibrated with 0.05M Tris-HCI 
buffer, pH7.0, containing 0.5M NaCI,and then the above obtained fraction is applied to the column. After 
washing the column with theequilibration buffer, the active material is eluted fromthe column with an elution 

30 buffer containing carbohydrate corresponding to carbohydrate chain attached to the affinity column (or gel) 
for glycoprotein. When the above mentioned ConA-Sepharose is used, the active material iseluted with the 
buffer containing a-methyl-D-mannopyranoside. The eluted active fraction is dyalised against water and 
lyophilized. The lyophilized active material is dissolved with 0.05M Tris-HCI buffer, pH6.0 to 7.0, containing 
0.2M NaCI and is further purified on HPLC using a strong cation exchange column. Mono S (Pharmacia) is 

35 especially suitable to the strong cation exchange column, Elution of the active material from the Mono S 
column is carried out with a gradient from 0 to 1 .0M NaCI and the active fractions are collected. 

The present active material is eluted at salt intensity of 0.6 to 0.9 M. Thus obtained active fraction is 
further purified on an affinity chromatography using Heparin-Sepharose (Pharmacia). Elution of the active 
material from the Heparin-Sepharose column is carried out by a gradient from 0.3 to 2.0M NaCI and the 

40 aimed material is eluted at salt intensity of 1.0 to 1.5 M. Subsequently, assays for cytotoxic activity of the 
present inventional material, TCF-ll to mouse L929-18 cells and for growth stimulating activity of TCF-ll for 
hepatocytes are mentioned below. 

Assay for Cytotoxic Activity 

45 

Mouse L929 cells (ATCC CCU) were subcloned and a subclone with the highest sensitivity to TCF-ll in 
the present invention was selected. Thus, the clone, L-929-18 which had a high sensitivity to the tumor cell 
cytotoxic factor was obtained. 

L-929-18 cells were grown to confluence in DMEM containing 10% FCS, and then the cells were 
50 harvested by trypsin treatment The cells were suspended at a cell density of 6x10 s cells/ml in DMEM 
containing 10% FCS and 1 ug/ml actinomycin D. 50 nl of DMEM which was prepared in the same way as 
the cell suspension was added to each well in 96-welI micropiate (Falcon) and 50 jxl of the sample solution 
which contains the present substance, TCF-ll, dissolved in the same DMEM was added to the first dilution 
well. Both were mixed well and 50 ul of the mixture was subsequently added to the second dilution well. A 
55 serially diluted substance was prepared by repeating the above procedures. 

50 JjlI of the cell suspension was inoculated into each well containing a serially diluted substance and 
the culture was carried out at 37 *C for 2 days in a CO2 incubator. After the culture, the medium was 
removed gently and the cells were washed twice with saline. The viable cells which adhere to each well 
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were fixed and stained by addition of 50 ml of 0.5% crystal violet in the mixture of methanol and water (1:4) 
to each well. Each well was washed three times with distilled water and dried, and the crystal violet in each 
well was extracted with Sorenson's buffer ( mixture of 6.1 ml of 0.1 M disodium citrate, 3.9 ml of 0.1 N HCi, 
and 10 ml of ethanol). Absorbance of the extracts at 570 nm was determined by a microtiter spec- 
5 trophotometer. 

Unit of TCF-l! (u/ml) was defined as the dilution ratio given 50% cell death. 
Assay for hepatocyte growth stimulating activity 

w Hepatocytes were separated from Wister male rat by the method of Segren (Method in cell biology, vol. 
13, p29, Academic Press, New York, 1976). The obtained hepatocytes were planted on 24 well plastic 
plates (Falcon) at the cell density of 8.8x1 0* eel ls/0 .5m l/well and cultured under the presence of 5% CO2 at 
37° C. A Williams E culture medium ( Flow Raboratory) which was supplemented with 10% fetal bovine 
serum ( Hyclone), 100 u/mi penicillin and 100 ug/mi streptomycin was used as the culture medium 

15 (abbreviated below as basal culture medium). After incubation at 37 'C for 24 hours, the culture medium 
was exchanged with the basal culture medium containing the test samples. The hepatocytes were further 
cultured for 24 hours and then cultured in the basal culture medium containing 4 uCi/ml (86 Ci/m mol) of 
3 H- thymidine (Amersham) for 2 hours followed by determination of DNA synthesis. When the hepatocytes 
were labeled with 3 H-thymidine, the incorporated counts (dpm) were determined from the difference of 

20 counts(dpm) which were measured between the presence and absence of 10 mM hydroxyurea on each test 
groups. After the cells were labeled by the above procedure, the cells were washed twice with cold PBS, 
2% perchloric acid and 95% ethanol and dried by air, then dissolved in 0.8 mi of 2% SDS containing 2mM 
EDTA and 20mM NaHCC>3 followed by determination with a liquid scintillation counter. 
The result is shown in Table 1 . 

25 

Table 1 



30 


Sample 


Concentration 


Hepatocyte growth 








stimulating activity 


35 




(ng/ml) 


(dpm/well, X 10 3 ) 




No addition 




21.7 ± 9.2 


40 










hEGF 


20 


239.3 ± 7.2 


45 


TCF-H 


1 


93.7 ±29.7 






10 


378.5 ±93.5 


50 




100 


467.4 ±77.3 



55 hEGF (WAKUNAGA Pharmacy Co Ltd) was used as the positive control for hepatocyte growth 
stimulating activity. The results in Table 1 demonstrate that hepatocyte growth stimulating activity of TCF-II 
is stronger than that of hEGF. 

Nextly, the present invention describes pharmaceutical preparations which contains biologically active 



8 



EP 0 462 277 A1 



factor, TCF-II, as an active component. 

The above mentioned biologically active factor in the present invention has following pharmaceutical 
activities: 

© An antitumor activity: 

5 TCF-II inhibits the growth of KB, HeLa, MCF-7 and BG-1 which is human-derived tumor cells, and have a 
cytoto-xic activity to mouse L-929 cells, and to Sarcoma 180, Meth A Sarcoma and P388 of tumor cells, 
but not inhibit the growth of IMR-90 cells which are human-normal cells. 
® A leukemia eel! differentiation inducing activity: 

TCF-II induces the differentiation of the human-derived leukemia cell line, HL-60 to granulocyte like cells. 
10 ® A cellular immunology enhancing activity: 

TCF-II stimulates the growth of human cytotoxic T cells 
® A vascular endothelial cell growth stimulating activity: 

TCF-II stimulates the growth of human umbilical cord blood vessel-derived endothelial cells. 
(5) A hepatocyte growth stimulating activity: 
15 TCF-II stimulates the growth of adult rat hepatocytes. 

These activities are exhibited in very small dose range of 1-1000 ng/ml. 

The pharmaceutical product in the present invention can be expected as an anti-tumor drug, an anti- 
leukemia drug, a cellular immunology enhancing drug, wound healing drug and therapeutic drug for liver 
disease including liver regenerating drug and so on. The biologically active factor (it is called as TCF-II 

20 hereafter) which is a glycoprotein with high molecular weght, however, is easily adsorbed to a poly- 
propylene vessel and so on, which is an injection syringe, and to a glass vessel and so on. 

TCF-II is also an unstable substance. The activity of TCF-II is considerably decreased by temperature 
or humidity and so on, and inactivated easily. Therefore, manufacturing of the stable pharmaceutical product 
is required. Accordingly, the pharmaceutical product in the present invention is a TCF-II one which contains 

25 one or more of proteins and non ionic detergents as adsorption preventors, or one or more of proteins, 
carbohydrates and aminoacids as stabilizing agents, or moreover the combination of one or more as 
adsorption preventors and one or more as stabilizing agents. 

Any pharmaceutical form which is a lyophilized, or liquid or powder form can be used as a 
pharmaceutical product in the present invention, if the above mentioned adsorption preventors and 

30 stabilizing agents were included in the pharmaceutical product. The active component in the present 
invention, TCF-II can be produced or purified by the any method. TCF-II which is purified from culture broth 
of any TCF-II secreting cell, can be also used. TCF-II which is produced by the method of recombinant 
DNA technology, using Escherichia Coli, yeast, mammalian cells such as Chinese hamster ovary etc, as 
hosts, and is purified by various methods, can be also used. 

35 Albumin and gelatin etc r among proteins, and Tween 80 and Tween 20 etc, among nonionic detergents 
can be used as the adsorption preventor in the present invention. 

Albumin and gelatin etc, among proteins; sorbitol, mannitol and xylitol etc, among carbohydrates; 
glycine and alanine etc, among amino acids can be used as the stabilizing agents in the present invention. 
The suitable added amounts of proteins as the adsorption preventors are more than 0.1%, preferably 0.1 to 

40 20%, and the suitable added amounts of nonionic detergents are more than 0.001%. preferably 0.001 to 
1.0%. The suitable added amounts of proteine as stabilizing agents are more than 0.1%, preferably 0.1 to 
20.0%; the suitable added amounts of carbohydrates are 5 to 40%; and the suitable added amounts of 
amino acids are more than 1%. On the case of using with combination of one or more of adsorption 
preventors and one or more of stabilizing reagents, or using with combination of two or more of stabilizing 

45 agents, the added amounts of each agent were permitted in the above mentioned range. The reasonable 
amounts of these adsorption preventors and stabilizing agents are dissolved and prepared as aqueous 
solution with suitable concentration and pH which can be used. The ratios of permiability pressure of this 
solutions are in the range of 0.1 to 3.1, preferentially 1.0. Since the stable range of TCF-II against pH is pH6 
to 9, the aqueous solution for the preparation of pharmaceutical product is suitable to adjust pH to 6.0 to 

50 9.0. 

Then, the adsorption-prevention and stability of TCF-II in the pharmaceutical product in the present 
invention is further described in detail as shown in Experiments in the following: 

Experiment 1 . Test for prevention of adsorption 

55 

Human embryonic lung fibroblast, IMR-90 cells (ATCC, CCLI86) were cultured for 7 days in DMEM 
containing 5% fetal bovine serum. 200 ug of TCF-II which was purified from the culture broth was dissolved 
in 100 ml of 0.01 M phosphate buffer, pH7.0, containing 0.15 M NaCl (PBS). Each 0.5ml of the TCF-II 
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solution was added to glass tubes and polypropylene tubes. Separately, the solutions containing two-fold, 
concentration of each added material shown in Table 1a, b and c were prepared with PBS. 0.5ml of the 
above solution with each concentration of added material was added to each tubes containing 0.5 ml of the 
TCF-II solution, and mixed well. The final concentration of TCF-II is 1 ug/ml and the final concentration of 
5 each added material is adjusted to concentration described in Table 1 a, b and c. 

As a control, 0.5ml of PBS was added to each glass tube or polypropylene tube containing 0.5 ml of the 
TCF-II solution. 

Each test was carried out duplicately, and TCF-II activity was determined after the incubation for 1 hour 
at 37° C. Experimental values were shown as mean of duplicate incubations. 
10 The activity of TCF-II was determined by cytotoxic activity as following. 

A clone L929-18 with high sensitivity to TCF-II, which was obtained by subcloning mouse L929 (ATCC, 
CCLI), was used as a target cell. 

L929-18 cells were grown to confluence in the Dulbecco's modified eagle medium (DMEM ) containing 
10% FCS, then harvested by trypsin treatment and by centrifugation. The obtained cells were suspended at 
75 a cell density of 6 x10 s celis/ml in DMEM containing 10% FCS and 1 ug/ml of actinomycin D. 

A serially diluted test sample was prepared by repeating dilution of test sample with DMEM which was 
used in the preparation of the cell suspension. Each 50 i±\ of a serially diluted test sample was added to 
each well in 96 well-micro plate ( Falcon). 

50 jLtl of the cell suspension was inoculated into each well containing a serially diluted test sample and 
20 the culture was carried out at 37° C for 2 days in a C02incubator. After the culture, the medium was 
removed gently and the cells were washed twice with PBS. The viable cells which adhere to each well were 
fixed and stained by addition of 50 ul of 0.5% crystal violet in the mixture of methanol and water (1:4) to 
each well. Each well was washed with distilled water and dried, and crystal violet in each well was extracted 
with Sorenson's buffer (mixture of 6.1 ml of 0.1 M dissodium citrate, 3.9ml of 0.1 N HCl, and 10ml of 
25 ethanol). Absorbances of the extracts at 570 nm were determined by a microtiter spectrophotometer. 

Unit of TCF-II (u/ml) was defined as the dilution ratio given 50% cell death and the residual cytotoxic 
activity after the incubation was estimated as the relative activity(%) against the activity (100%) determined 
immediately after the preparation of test sample. 

The results in Table 2,a, b, and c showed that TCF-II was easily adsorbed on surface of glass and 
30 polypropylene vessels and the adsorption preventors using in the present invention effectively prevented 
TCF-II from the adsorption. 
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Table 2 



(1) Glass tube 

a. Effect of high raolecullar weight additives on 
adsorption of TCF- II . 



added material 

concentration human serum low mol.w. gelatin polyethylene dextran40 
albumin (HSA) gelatin* glyco!4000 
residual relative activity (%) 



0 


8.3 


8.3 


8.3 


8.3 


8.3 


0.01 


16.7 


8.3 


25.0 


8.3 




0.05 


25.0 


8.3 


37.5 


8.3 


8.3 


0.1 


50.0 


16.7 


50.0 


16.7 




0.25 


100.0 


16.7 


100.0 


16.7 


8.3 


0.50 


100.0 


33.3 


100.0 


16.7 


8.3 


1.00 


100.0 


50.0 


100.0 


16.7 


12.5 


2.00 


100.0 


100.0 


100.0 


33.3 


12.5 


10.00 


100.0 


100.0 


100.0 




75.0 


20.00 


100.0 


100.0 


- 100.0 







#:mean molecular weght = 6,000 (NIPPI Co. Ltd) 
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b. Effect of non-ionic detergents on adsorption of 
TCF-n 



added material 

concentration Tween80 Tween20 

00 

residual relative activity (X) 



0 


8.3 


8.3 


0.0001 


16.7 


16.7 


0.0005 


25.0 


25.0 


0.001 


50.0 


50.0 


0.005 


100.0 


100.0 


0.01 


100.0 


100.0 


0.05 


100.0 


100.0 


0.10 


100.0 


100.0 


1.00 


100.0 


100.0 
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(2)Polypropylene tube 

c. Effect of human serum albumin and Tween 80 on 
adsorption of TCF- n 



10 



15 



20 



added material 
concentration human serum albumin 
(X) (HSA) 
residual relative activity 



25 



30 



added material 
concentration Tween 80 

(» 

residual relative activity 



0 


25.0 


0 


25.0 


0.01 


50.0 


0.0001 


33.3 


0.10 


75.0 


0.0005 


50.0 


0.25 


100.0 


0.001 


75.0 


0.50 


100.0 


0.005 


100.0 


1.00 


100.0 


0.01 


100.0 


2.00 


100.0 


0.05 


100.0 


10.00 


100.0 


0.1 


100.0 


20.00 


100.0 


1.0 


100.0 



35 

Experiment 2 Stability test 

Under the conditions which prevented TCF-II from adsorption on surface of glass tube, effect of various 
40 kinds of added material on the stabiiity of TCF-II was studied. 120 jug of purified TCF-I! from culture broth 
of IMR-90 cells was dissolved in 30 ml of PBS containing 0.02% Tween 80. After sterilization by filtrating 
the TCF-I! solution using 0.22 y. filter, 0.5ml of the sterilized TCF-II solution was added to each sterilized 
glass tube. 

The solution with two-fold concentration of each added material shown in Table 2 a, b and c, was 
45 prepared, and then sterilized by filtration with 0.22 u filter. 0.5ml of the each solution was added to each 
glass tube containing 0.5ml of TCF-II solution and after mixing well, the glass tubes were sealed to prevent 
bacteria from contamination. As a control, 0.5 ml of PBS not containing Tween 80 was added to each glass 
tube containing 0.5 ml of TCF-I! solution. The final concentration of TCF-II, Tween 80 and each added 
material were 2 ug/ml, 0.01% and concentration shown inTable 3 a,b and c, respectively. 
50 Each test was carried out duplicately. The TCF-I! activity was determined after the incubation for one 
week at 40° C and estimated as relative activity (%) against the activity (100%) determined before the 
incubation. Experimental values were shown as mean of duplicate incubations. 

From the results of Table 3 a, b and c, it was found that stabilizing agents which were used in the 
present invention had the effect which keeps on maintaining the activity of active component, TCF-II in the 
55 liquid state. 
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Table 3 



a. Effect of high moleculae weight additives on 
stability of TCF-II* 



human serum 
albumin 



added 

concentration 
(Xf/V) 

0.0 

0.1 

0.25 

0.5 



storage period (day) at 40*C 

0 3 7 

•residual relative activity (%)• 



100.0 
100.0 
100.0 



25.0 
50.0 
100.0 



15.7 
33.3 
100.0 



100.0 100.0 100.0 



gelatin 0.0 
0.1 
0.25 
0.5 

low mol. 0.0 
weight 0 . 5 

gelatin 2.5 
(mean M.W. 
6,000) 



100.0 25.0 16.7 

100.0 25.0 25.0 

100.0 100.0 100.0 

100.0 100.0 100.0 

100.0 25.0 16.7 

100.0 25.0 16.7 

100.0 33.3 25.0 



0.0 100.0 - 25.0 16.7 
polyethylenglycol 4000 

0.5 100.0 16.7 12.5 

2.5 100.0 16.7 12.5 

*:A11 test samples contained 0.01% Tween 80 to prevent TCF-II from adsorption 
on surface of glass tube. 
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b. Effect of added carbohydrates on stability' ofTCF-E' 



storage period (day) at 40°C 

added 

concentration 0 3 7 

(MJ/V) residual relative activity (90 





0 


100.0 


25.0 


16.7 


Dextran40 


2 


100.0 


25.0 


8.3 




10 


100.0 


12.5 


4.2 




0 


100.0 


25.0 


16.7 


Sorbitol 


2 


100.0 


33.3 


25.0 




10 


100.0 


66.7 


66.7 




20 


100.0 


100.0 


100.0 




40 


100.0 


100.0 


100.0 




0 


100.0 


25.0 


16.7 


Mannitol 


2 


100.0 


33.3 


16.7 




10 


100.0 


66.7 


50.0 




20 


100.0 


100.0 


95.0 




40 


100.0 


100.0 


100.0 




2 


100.0 


16.7 


8.3 


Glucose 


10 


100.0 


12.5. 


4.2 




20 


100.0 


25.0 


16.7 




2 


100.0 


12.5 


6.3 


Fructose 


10 


100.0 


<2.0 


<2.0 





0 


100.0 


25.0 


16.7 


Mannose 


2 


100.0 


16.7 


4.2 




10 


100.0 


<2.0 


<2.0 




0 


100.0 


25.0 


16.7 


Xylitol 


2 


100.0 


33.3 


16.7 




10 


100.0 


100.0 


66.7 




20 


100.0 


100.0 


96.5 
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c. Effect of added amino acids on stability of fCF- ff * 



15 



20 



25 



30 



ammo 



storage period (day) at 40°C 



added 



acid 


concentration 


0 


3 


7 
i 




{.%) 


••residual relative 


dGLi. V. 




0 


inn n 


95 ft 


16.7 


Arginine 


1 


i nn n 
1.00 . 0 


95 ft 


16.7 




c 

o 


i An n 
100. 0 


en ft 


oo. O 




A 

0 


100.0 


25.0 


16. / 


Glycine 


1 


100.0 


33.3 


25.0 




5 


100.0 


100.0 


66.7 




10 


100.0 


100.0 


100.0 




0 


100.0 


25.0 


16.7 


Lysine 


1 


100.0 


25.0 


16.7 




5 


100.0 


66.7 


16.7 




0 


100.0 


25.0 


16.7 


Alanine 


1 


100.0 


25.0 


16.7 




5 


100.0 


100.0 


50.0 




10 


100.0 


100.0 


90.0 



35 



#:All test samples contained 0.0 IX 
on surface of glass tube. 



Tween 80 to prevent TCF-H from adsorption 
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Nextly, the results of pharmacological activities or TCF-I! were shown in the following. 

in vivo Antitumor Test to Sarcoma 180 of Human New Cytokine, TCF-II 

Materials and methods 

© Experimental animals 

Female ICR mice of 7 weeks old were purchased from Charles River Japan Inc. 
® Tumor cell lines 

Sarcoma 180 cells were supplied by National Cancer Center, subcultured in mice with one time per 
week on this laboratory. 
® Test samples 

Test samples were prepared by dissolving TCF-II in 0.01 M phosphate buffer, pH7.0 containing 0.8% 
NaCI, 0.01% Tween 80 and 0.25% human serum albumin. 

Two series of test samples composed of 0.2 ug TCF-H/0.2ml and 1.0 ug TCF-ll/0.2ml were 
prepared. To analize the effect of pyrogen, test sample (940 pg pyrogen/0.2ml) containing standard 
pyrogen (Difco Inc.) corresponding to the amounts of pyrogen in 1 ixg of TCF-II was also prepared. 
@ Acute toxicity test 

Acute toxicity test was carried out , using two mice group. Two doses, 10 ug TCF-ll/mouse and 20 
U.g TCF-ll/mouse were administered by injecting them into tail vein of mice, respectively. Toxicity was 
determined from mortality of animals. 
® Antitumor test 
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Antitumor test was carried out , using seven mice/group. 

Sarcoma 180 (10 s cells/mouse) were planted under the skin of ICR mouse. The mice were divided in 
each test group and the test samples were injected into tail vein for 7 days at one time/every day. 
Inhibitory effect of tumor growth was determined by inhibitory ratio 

5 

( C-T X 100%) 

c 

10 which was obtained from mean tumor weight (MTW) of injected groups against control group. 
Results of tests 

® Acute toxicity test 

15 Toxicity was not appeared at doses of both 10 ng and 20 ug TCF-ll/mouse. 

® Antitumor test 

Results after 3 weeks from the initiation of injection were shown in Table 4. 



20 



Table 4 



25 



Sample Dose MTW(mg) C-T X 100(X) 

C 



control 0.0 3024.71 

30 

pyrogen 940 pg/mouse 3036.00 -0.37 

TCF-II 0.2/ig/mouse 1787.71 49.92 

35 TCF- II 1. 0/z g/mouse 1984.21 34.40 

Since on the above test, the optimum dose of TCF-II was unknown, test was not carried out by fitted 
doses. However, from these results, it was found that lower dose rather than high dose was much 
40 effective. 

Moreover, anti-tumor effect by direct injection to intratumor were also studied by following method. 



Methods: 



45 Sarcoma 180 (1 x10 5 cells/mouse) were planted under the skin of ICR mouse. The mice in which solid- 
tumor were vitally settled, were selected after one week of plantation. 0.2 ug of TCF-II was injected for 7 
days at one time/every day. When observation was continued for two weeks after the termination of 
injection, remarkable anti-tumor effect which caused necrosis of tumor site, changing into black was 
obtained. Moreover, mice in which tumor was disappeared, were observed. 

50 

Brief Description of the Drawings 

Fig.1 shows an elution profiles of TCF-II and plasminogen activator from the culture broth of IMR-90 
cells containing 5% calf serum on CM-Sephadex C-50 chromatography. (1) and (2) shows the fractions 
55 eluted with 0.05M Tris-HCI buffer, pH7.0, containing 0.3M NaCI and with 0.05M Tris-HCI buffer, pH7.0, 
containing0.6M NaCI, respectively. 

-O-, -•- and - <M- represent absorbance at 280 nm, plasmininogen activator activity and cytotoxic activity to 
L929-18 cells, respectively. 
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Fig.2 shows the results of Con A affinity chromatography of TCF-II fraction which was eluted with 0.05M 
Tris-HCI buffer, pH 7.0, containing 0.6M NaCI on CM-Sephadex C-50 Chromatography of the culture broth 
of IMR-90 cells. (1) and (2) represent the washed fractions by 0.05M Tris-HCI buffer, pH7.0, containing 0.5M 
NaCI and the eluted fractions by 0.05M Tris HCI buffer ,pH7.0, containing 0.5M NaCI and 0.3M a-methyl-D- 
5 mannopyranoside, respectively. 

-•- and - represent absorbance at 280 nm and cytotoxic activity, respectively. 

Fig. 3 shows an elution pattern on Mono S-HPLC of the TCF-II fraction which was obtained on Con A 
Sepharose affinity chromatography. -O- represents cytotoxic activity. 

Fig.4 shows an elution profile of TCF-II on Heparin-sepharose affinity chromatography of the elute from 
70 Mono S-HPLC. (1) and (2) represent the washed fraction by 10mM Tris-HCI buffer, pH7.5, containing 
0.3MNaCI and the eluted fraction by NaCI gradient from 0.3 to 2.0M, respectively. -•- and-d- represent 
absorbance at 280nm and cytotoxic activity, respectively. 

Fig.5 shows SDS electrophoresis of TCF-II (reduction and non-reduction). 

Fig.6 shows heat stability of TCF-II. 
15 Fig.7 shows pH stability of TCF-II. 

Fig.8 shows cytotoxic activity of TCF-II to human tumor cell lines in vitro. 

Fig.9 shows cytotoxic activity of TCF-II to Sarcoma 180. 

Fig.10 shows cytotoxic activity of TCF-II to Meth A and P388, respectively. and -O- represent M eth 
A and P388, respectively. 

20 Fig.1 1 shows cytostatic activity of TCF-II to human tumor cell lines. and -O- represent cytostatic 
activities to ovarian carcinoma, BG-1 and breast carcinoma, MCF-7, respectively. 

Fig.12 and Fig.13 show effect of TCF-II on incorporation of 3 H-thymidine into the lymphocytes in the 
mixed lymphocytes culture at day 5 and at day 8, respectively. Six samples at day 5 and at day 8 were 
determined, respectively. Rsults are given as mean ±SD. 
25 Fig.14 shows the stimulatory effect of TCF-II on the growth of vascular endothelial cells, HUVEC. 

Fig.15(1) and (2) show the base sequence of TCF-II cDNA and the amino acid sequence of TCF-II, 
which was deduced from the base sequence, respectively. 

Fig. 16 shows the comparison between the amino acid sequence of TCF-II, which was deduced from the 
above base sequence and an amino acid sequence of hHGF reported by Miyazawa et al. 

30 

A BEST FORM TO PUT ON THE INVENTION 

The present invention is further described concretely as shown in EXAMPLES in the following: 

35 EXAMPLE 1 

(1) Culture of Human Fibroblast, IMR-90 cells 

Human fibroblast, IMR-90 cells(ATCC CCL 186) (3x10 5 cells) were inoculated in one liter-roller bottle 
40 holding 100ml DMEM containing 5% calf serum (CS), and were cultured for 7 days with rolling at the rates 
of 0.5 to 2 rpm. When the total cell numbers reached 1x10 7 cells, the cells were harvested by trypsin 
treatment and collected in bottom of the bottle. After adding 250 ml of fresh DMEM containing 5% CS to 
the bottle, I00g of autoclaved ceramics with 5 to 9 mesh (Toshiba Ceramic. Co. Ltd) was added to the 
bottle containing cell suspension. Standing culture was carried out at 37 °C for 24 hours. Then 250 ml of 
45 DMEM containing 5% CS was added to the bottle (final medium volume was 500 ml), and the culture was 
continued. Every 7 to 10 days all amount of the medium (about 500 ml) was collected and fresh medium 
(500ml) was supplied. Thus, the production was continued for 2 months and 4 I of the culture broth were 
collected per roller bottle. Specific activity of thus obtained culture broth was 32 u/ml. 

so (2)Purification of the Glycoprotein, TCF-II 

75 liters of the culture broth described in (1) wasc oncentrated about 10-fold by UF concentration, using 
Amikon-membrane filter (pore size, M.W. 6,000). Then, after CMSephadex C-50 was equilibrated with 0.05M 
Tris-HCI buffer, pH7.0, 1.5kg of wet weight of the resins was added to the above UF concentrated broth and 
55 the substance was absorbed to the resins by gently stirring at 4°C for 24 hour under pH 6.5 to 7.0. After 
the absorption, the resins were collected by filtrating through a Whatman No.2 filter paper. The collected 
resins were washed with 0.05M Tris-HCI buffer, pH7.0. Approximately 1500g of the washed resins was 
packed to the column (0 7x40cm), and the column was eluted with 0.05M Tris-HCI, pH7.0, containing 



18 



EP 0 462 277 A1 



0.01% Tween 20 and 0.3M NaCI. Elution of protein was monitered by absorbance at 280 nm. When protein 
was eluted almost completely, further elution at salt concentration of 0.6M NaCI was carried out. Cytotoxic 
activity to L929-18 cells and tissue plasminogen activator (t-PA) activity which IMR-90 cells produce were 
determined in each fraction. Thus obtained elution pattern is shown in Fig.1. The fraction which was eluted 

5 at salt concentration of 0.6M NaCI exhibited the potent cytotoxic activity. This fraction was defined as TCF-II 
fraction. Then, Con A-Sepharose CL-6B (Pharmacia) was equilibrated with 0.05M Tris-HCI buffer, pH7.0, 
containing 0.5M NaCI, and the gel was packed into the column (0 2.5 x 8cm). The column was washed well 
with the same buffer, the TCF-II fraction which was eluted from the CM-Sephadex column was loaded on 
the column. After the column was washed again with 0.05M Tris-HCI, pH7.0,containing 0.5M NaCI with 10 

10 times volume of the column bed volume, the substance was eluted with 0.05M Tris-HCI, pH7.0, containing 
0.5M NaCI and 0.3M a-methyl-D-mannopyranoside at a flow rate of 70 mi/hour. Elution of protein was 
monitered by optical absornabce at 280 nm and cytotoxic activity in each fraction was determined. Thus 
obtained elution pattern is shown in Fig.2. The fraction which was eluted firstly was collected and dialyzed 
against distilled water for 48 hours. The dialyzed fraction was lyophilized and white powder was obtained. 

75 The lyophilized powder was dissolved with a small volume of 0.05M Tris-HCI buffer, pH7.0, containing 
0.01% Tween 20 and 0.2M NaCI, and was loaded on MonoS column (Pharmacia) for HPLC which was 
equilibrated with 0.01 M phosphate buffer, pH 7.0, containing 0.01% Tween 20. After the column was 
washed with 0.01 M phosphate buffer, pH7.0, containing 0.01% Tween 20 for 20 min at a flow rate of 
0.5ml/min, elutionwas carried out by the Nad gradient from 0 to 1.0M in 60min. The obtained elution pattern 

20 is shown in Fig.3. Theactive fraction was eluted at 0.76M NaCI. The active fraction was collected and diluted 
with the equilibration buffer and then loaded on the Mono S column for HPLC again. Elution was carried out 
again by the NaCI gradient from 0 to 1.0 M NaCI in the same buffer. Heparin-Sepharose (Pharmacia) was 
equilibrated with 10 mM Tris buffer, pH 7.0, containing 0.3M NaCI, and 5ml ofthe gel was packed to the 
column (0 1.0x7cm). The active fraction from Mono S-HPLC was collected, diluted with 0.01 M Tris-HCI 

25 buffer, pH7.0, to NaCI concentrationof 0.3M, and loaded on the above mentioned column. Then, the column 
was washed with 0.01 M Tris-HCI pH7.0, contain-ing 0.3M NaCI with 10 times volumes of the column bed 
volume The substance was eluted at a flow rate of 20 ml/hour by the NaCI gradient from 0.3M to 2.0 M in 
the same buffer. The elution pattern is shown in Fig.4. Thus, the purified glycoprotein was obtained. As 
shown in Table 5, 0.12 mg of the active glycoprotein was obtained from 75 liters of the culture broth as the 

30 starting material. This glycoprotein was a tumor cytotoxic factor and its specific activity was 5,248,000 u/mg. 



35 



40 



45 



50 



55 



19 



EP 0 462 277 A1 



Table 5 

Purification of tumor cytotoxic factor obtained from the culture broth 
of IMR-90 (containing 5% CS) 

TCF-II: A fraction eluted with 0.6M NaCl on Sephadex O50 chromatography 



Purification 


Volume 


Protein 


Total 


Cytotoxic 


Step 






Protein 


Activity 




(ml) 


(mg/ml) ' 


(mg) 


(u/ml) 


Culture broth 


75000 


3.30 


247500.0 


. 32.0 


UF Concentration 


10000 


23.40 


234000.0 


192.0 


CM-Sephadex chromatography 


894 


0.32 


205.6 


2048.0 


(eluted fraction with 0.6M NaCl) 










ConA Sepharose chromatography 


244 


0.26 


63.4 


51.20.0 


Mono S-HPLC 


13 


0.26 


2.1 


80000.0 


Heparin-Sepharose chromatography 


6 


0.02 


0.12 


104960.0 



Total 


Specific 


Purification 


Recovery 


Activity 


Activity 






(XL0*u) 


., (u.mg) 


Factor 


(X) 


24.0 


9.7 


1.0 


100.0 


192.0 


8.2 


0.9 


80.0 


183.1 


8904.3 


918.0 


76.3 


124.9 


19692.3 


2030.0 


52.0 


104.0 


500000.0 


51546.4 


43.3 


56.0 


5248000.0 


541030.9 


23.3 



Physicochemical properties of TCF-II obtained by the above mentioned procedure are shown as follows. 
© Determination of molecular weight on SDS gel electrophoresis 

Molecular weight of TCF-II was determined by electrophoresis using poiyacrylamide gel containing 
0.1% SDS. The glycoprotein showed two adjucent bands with M.W. 78,000 and 74,000. When the 
glycoproyein was reduced by 2-mercaptoethanol and the similar electrophoresis was carried out, three 
bands with molecular weight of 52,000, 32,000, and 28,000 were observed (Fig.5). 

These results indicate that TCF-II is a heterodimer composed of a common subunit with M.W. 52,000 
and a subunit of M.W. 28,000 or a subunit of M.W. 32,000. 

® Isoelectric point 
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10 



15 



Isoelectric point of the substance was determined as 7.4 to 8.55 by isoelectric focussing, using Phast 
Gel IEF3-9. 

© Heat stability 

TCF-II which had the activity of 51,200 u/mi was added to 0.1 M Tris-HCI buffer, pH7.0, containing 
0.01% Tween 20 and the TCF-II solution with 512 u/ml was prepared. The solution was treated for 10 min at 
25, 35, 50, 60, 70 80, 90 , and 95 °C. The residual cytotoxic activity (u/ml) after treatment at each 
temperature was estimated as the relative activity (%) against the activity (u/ml, 100%) at 25° C (control). As 
shown in Fig.6, the substance was stable till 60° C. 

@ pH stability 

Each buffer containing 0.01% Tween 20, composition of which was shown in Table 6, was prepared. 
The amount of TCF-II corresponding to 51 ,200 u/ml when it was prepared at pH 8 was dissolved in each 
buffer, and allowed to stand at 37° C for 1 hour. The relative activity (%) compared to the control at room 
temperature for one hour was determined. As shown in Fig. 7, the glycoprotein was stable in the range of 
pH 6 to 9. 



20 



Table 6 



Preparation of buffers 



25 



30 



pHl- 


■3 


1/10 M 


Glycine-HCl 


pH4- 


6 


1/10 M 


Acetate buffer 


pH7- 


8 


1/10 M 


Tris-HCI 


pH9. 


12 


1/10 M 


Glycine-NaOH 



35 

® N-terminal amino acid sequence of TCF-II. 

50 HQ of TCF-II was reduced and three polypeptides, A with M.W. 52,000, B with M.W.32,000, and C 
40 with M.W. 28,000, were separated by the electroblot method. Amino acid sequence of each polypeptide 
was analyzed using the Applied Biosystems 477A Protein Sequencer. N-terminal amino acid sequence of 
polypeptide A could not be determined because its N-terminus had been blocked. Polypeptides B and C 
had the common N-terminal amino acid sequence as follows; 



45 



Yal-Val-Asn-Gly-Ile-Pro-Thr-X-Thr-Asn-Ile-Gly- 
1 2 3 4 5 6 7 8 9 10 11 12 



so 



55 



X-Met-Val-Ser-Leu- 
13 14 15 16 17 



X means an unidentified amino acid. 
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Since polypeptide B and C show the same N-terminal amino acid sequence, TCF-II appears to have 
dimer structure in which polypeptide A with M.W. 52,000 is bound to polypeptide B with M.W. 32,000 or to 
polypeptide C with M.W. 28,000 by S-S bridge. 

5 ©Amino acid composition 

Ten ulq of TCF-II, which was determined by BioRad Protein Assay kit, was hydrolyzed with HCl and 
then its amino acid composition was determined using a Hitachi Amino Acid analyzer, Model L-8500. 
Amino acid composition of the materia! is shown as follows. 
w Amino acid composition: 





a a 

A .A 


i 

nmol 


mol% 




Asp 


10.375 


1 O AT 

12 . 97 


75 








Glu 


7.750 


9.69 




Ser 


C A f\ A 

5.000 


6 . 25 


20 


(jrly 


7 OCA 


9 . 06 




His 


1 AAA 

3.000 


** (TP 

3 . 75 




Arg 


5 .375 


6 . 72 


25 










Thr 


5 .125 


6 .41 




Ala 


2.625 


3 . 28 


30 


Pro 


5.625 


7.03 




Tvr 


3 875 


4 ft4 




Val 


4.125 


5. 16 


35 










Met 


1.875 


2.34 




Cys 


ND 




40 


He 


5.000 


6.25 




Leu 


4.875 


6.09 




Phe 


2.250 


2.81 


45 


Trp 


ND 






Lys 


5.875 


7.34 


50 










total 


80.000 


100(99 



55 EXPERIMENT 2 

Cytotoxic activity to the tumor cells of the glycoprotein, TCF-II obtained in EXPERIMENT 1 is shown. 
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CD Inhibition of the growth of tumor cells 

The human tumor cell lines, HeLa and KB, and the human normal diploid cells, IMR-90 were suspended 
at a cell density of 1x10 5 cells/ml in DMEM containing 10% FCS, respectively. 50 &\ of each cell 
s suspension was added to each well in a 96 well microplate (Falcon). Each 50 jliI of 10-, 20-, 40-, 80- and 
160- fold dilution of TCF-II solution (5,120 u/mi)with DMEM was added to each well containing each cell 
suspension, and the mixture was cultured at 37 'C for 3 days in a CO2 incubator. The surviving cells in 
each well were fixed and stained by addition of 50 ul of 0.5% crystal violet solution in the mixture of 
methanol and water (1:4) to each well. Each well was washed with distilled water and dried, and the crystal 
70 violet in each well was extracted with Serenson's buffer. Absorbabces of the extracts at 570nm were 
determined by a microtiter spectrophotometer. 

Ceil growth inhibition (%) of TCF-II was calculated compared to the group in the absence of TCF-II as 
the control, and plotted against the concentration of TCF-II. As shown in Fig.8, TCF-II showed the potent 
inhibition 0 fthe growth of KB and HeLa cells whereas it did not inhibit the growth of normal cells, IMR-90. 

15 

(2) Reaction with antibodies for the known materials 

TCF-II was dissolved in DMEM containing in DMEM containing 10% FCS to the concentration of 320 
u/ml. The titer of anti-LT antibody which neutralized 1000 u/mi LT wash added to the TCF-II solution and the 
20 mixture was allowed to stand at 37° C for 1 hour. Similarly, anti-TNF antibody and anti-INF-/3 were added to 
the TCF-II solution at the concentrations of 1 x10 6 u/ml and 1000 u/ml, respectively. Each antibody used in 
this experiment is commercialy available. 

After the reactions, cytotoxic activity of TCF-II was determined. Any antibody, however, did not 
neutralize the activity. 

25 

EXPERIMENT 3 

Cytotoxic activity to various mouse tumor cell lines of the glycoprotein, TCF-II obtained in EXPERI- 
MENT 1 is shown. 

30 Sarcoma 180, Meth A sarcoma and P-388 cells were used as mouse tumor cell lines. 

Sarcoma 180 cells were suspended in DMEM containing 10% fetal bovine serum and Meth A and P- 
388 cells were suspended at 2x1 0 4 cells/mi, in RPMI 1640 medium containing 10% fetal bovine serum, 
respectively. 50 ul of each cell suspension was inoculated into each well in 96-wel! micropiate (Falcon). 
TCF-II was dissolved in DMEM containing 10% fetal bovine serum for Sarcoma 180 cells and in RPMI 1640 

35 medium containing 10% fetal bovine serum for Meth A and P-388 ceils. Each 50 mil of TCF-II solution which 
was prepared so that the final concentrations of TCF-li were 0, 2, 4, 8, 16, 31, 62, 125, 250, 500 and 1000 
ng/ml, respectively, was added to each well containing each cell suspension. After each cell line were 
cultured at 37° C for 3 days in a CO2 incubator. The cells in each well were stained with Trypane blue and 
the viable cell number were counted using a heamacytometer. The viable cell numbers were expressed as 

40 mean of duplicate experiments. Cytotoxic activity (%) was calculated according to the following equation. 



Cytotoxic activity(%)= 

45 

Average surviving numbers Average surviving cell 
so in controKcells/ml) — numbers in TCF- II group 

(cells/ml) 

: X 100 

Average suviving cell numbers in control (cells/ml) 

55 

Cytotoxic activities of TCF-II to Sarcoma 180 cells and to Meth A sarcoma and P-388 cells were shown 
in Fig.9 and Fig.10, respectively. 
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All cell lines were highly sensitive to TCF-II, and the lC 5 o values for cytotoxic activity of TCF-II on 
Sarcoma 180, Meth A and P-388 cells were 6, 40 and 460 ng/ml, respectively. 

EXPERIMENT 4 

5 

Inhibitory effect of the glycoprotein, TCF-II obtained in Experiment 1 on human tumor cell lines, ovaiian 

carcinoma, BG-i and breast carcinoma, MCF-7 is shown in the following. 

BG-1 and MCF-7 cells were suspended in McCoy medium containing 10% FCS and in Eagle's MEM 

containing 10% FCS, non-essential amino acid mixture, pyruvate and Eagle's salts at 2x10 4 cells/ml, 
10 respectively. TCF-II was dissolved in McCoy medium containing 10% FCS for BG-1 cells and in Eagle's 

MEM containing 10% FCS for MCF-7 and a serially diluted TCF-II solution was prepared by repeating 2-fold 

dilution of 4 tig TCF-ll/ml with the same medium. 

50 illI of each cell suspension was inoculated into each well in 96-well microplate (Falcon) Each 50 ul of 

a serially diluted solution of TCF-II which was prepared for each cell line was added to the wells containing 
75 each cell suspension. The culture was carried out at 37* C for 5 days in CO2 incubator. After the culture, 

the culture broth was removed and the cells were gently washed twice with PBS. The surviving cells which 

adhered to each well were fixed and stained by addition of 50 ul of 0.5% crystal violet solution in the 

mixture of methanol and water (1:4) to each well. Each well was washed with distilled water and dried, and 

crystal violet in each well was extracted with Serenson's buffer. Absorbances of the extracts at 570 nm were 
20 determined by a microtiter spectrophotometer. Cell growth inhibition (%) was calculated for each cell line 

according to the following equation compared to the control in the absence of TCF-II. 

Cell growth inhibition^) = 

Control OD570nm - TCF- H group OD570nm 

— — X 100 

Control OD570nm 

30 

Results are shown in Fig.11. These results indicate that TCF-II inhibits the growth of both tumor cell 
lines, BG-1 and MCF-7. 

EXPERIMENT 5 

Promyelocyte leukemia cell line, HL-60 cells-differentiation inducing activity of the glycoprotein, TCF-II 
obtained in EXPERIMENT 1 is shown. 

HL-60 cells were suspended at a cell density of 3.5 x 10 5 cells/ml in RPMI 1640 medium containing 
10% fetal bovine serum . 100 ul of the cell suspension was added to each well in 96-well flat bottomed 
40 microplate(Falcon). Then, 100 ul of the TCF-II solution in the same medium was added to each well 
containing cell suspension to give the final concentrations of 15.6, 62.5,125, 250, 500, and 1000 ng/ml. 

The cells were cultured at 37° C for 3 and 7 days, and HL-6 cells-differentiation inducing activity of 
TCF-II was determined by nitroblue tetrazolium (NBT) reduction assay. Moreover, morphological change of 
the cells was observed. 

45 

1)NBT reducing ability 

NBT reducing ability is shown in Table 7. 

50 



55 
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Table 7 



5 


TCF-n 


NBT reducing ability(X) 


10 


concentration 


Culture 


days 




(ng/ml) 


3 


7 


15 


0 


7.4 


11.7 




15.6 


10.6 


20.4 


20 


62 .5 


11.1 


24.5 




125 


12.4 


28.3 




250 


16.9 


45.2 


25 






29.6 


500 


12.4 




1000 


12.1 


26.8 



30 



The values shown in Table 7 represent percentage of cells containing blue-black formazan deposits 
(average of 2 experiments) when at least more than 200 cells were counted. 

(When HL-60 cells differentiate to normal cells, they get NBT reducing ability and accumulate blue- 
35 black formazan in them) 

This result has demonstrated that TCF-II induces the differentiation of promyelocytic leukemia cell line, 
HL-60 and has the highst activity for the differentiation induction at 250ng/ml. 

2)Morphological change 

40 

It is known that HL-60 differentiates to two way of macrophages and granulocytes by differentiation 
inducing factors. 

Changes in morphology and nucleus of the cells which were cultured with TCF-II at 37° C for 7 days 
were investigated by the light Giemsa staining method. The result indicates that HL-60 differentiates to 
45 granulocyte-iike cells. 

EXPERIMENT 6 

Stimulatory effect on cellular immunology of the glycoprotein, TCF-II obtained in EXPERIMENT 1 is 
50 shown. 

The effect of TCF-II on blastgenic transformation of lymphocytes was observed when mixed lymphocyte 
culture was carried out in the presence of TCF-II. 

Lymphocytes were isolated from human peripheral blood by the method of Ficall-Conray and sus- 
pended in RPMI 1640 containing 10% FCSl. Lymphocytes from two persons were mixed as 1:1 and added 
55 to wells in 96 well round bottomed micropiate at 1x10 5 cells/ 100 ul/well. TCF-II was added at various 
concentrations and the cells were cultured in RPMI 1640 containing 10% FCS in a CO2 incubator. 3 H- 
Thymidine was added at 0.25 RCi/well at 16 hours before the end of culture. After the culture the cells were 
harvested by a cell harvester and washed with PBS. The radioactivity of 3 H-Thymidine incorporated into the 
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cells were determined by a scintillation counter. 

Results are given in Fig.12 and Fig.13. TCF-II did not show the stimulatory effect at day 5 of the culture 
as shown in Fig.12, but 3 H-thymidine incorporation was significantly stimulated by the presence of TCF-II 
compared to the control at day 8 as shown in Fig.13. These results indicate that TCF-II stimulates the 
5 growth of cytotoxic T cell, that is, TCF-II possesses the enhancing effect on cellular immunology. 

EXPERIMENT 7 

Stimulatory effect on vascular endothelial cell growth of the glycoprotein, TCF-II obtained in EXPERI- 
w MENT 1 is shown. 

Human umbilical vein endothelial cells, HUVEC was used as a test cell. The endothelial cells, HUVEC, 
were suspended at a cell dencity of 2.5x1 0 4 cells/ml in E-GM medium containing 2% fetal bovine serum. 50 
Ul of the cell suspension was added to each well in 96-well flat bottmed microplate (Falcon). Then, 50 ul of 
the TCF-II solution which was prepared in the same medium was added to give the final concentrations of 
75 0, 4, 8, 16, 31, 62, 125, 250, 500 and 1000 ng/ml. The cells were cultured at 37° C for 6 days in a C0 2 
incubator. After the culture, the culture medium in each well was removed and the cells were washed gently 
with PBS. The cells were removed from the well by trypsin treatment and viable ceil numbers were counted 
using a heamacytometer. 

The effect of TCF-I! on human normal vascular endothelial cells is shown in Fig.14. The result indicates 
20 that TCF-II does not show the cytotoxic activity to the normal cells but has the stimulatory effect on the 
growth. Especially, the cell growth stimulatory activity was the maximal at a concentration of 125 ng/ml. 
The following Experiments show prescriptions of the pharmaceutical product in the present invention. 

EXPERIMENT 8 

25 



TCF-II 


20 ug 


Human serum albumin 


lOOrng 



The above mentioned compositions were dissolved in 0.01 M phosphate buffer, pH7.0, containing 0.1 5M 
NaCI (PBS)and the resulted solution was filled up to 20ml with PBS. After sterilization by filtrating the 
obtained solution using 0.22u filter, 2ml of the sterilized solution was poured into each vial tube and 
lyophilized, and then the vial tubes were sealed. 

EXPERIMENT 9 



40 



TCF-II 


40 ug 


Tween80 


1mg 


Human serum albumin 


50mg 



The above mentioned compositions were dissolved in physiological salt solution (0.8% NaCI) and the 
45 solution was filled up to 20 ml with the same solvent. After the sterilization by filtrating the solution using 
0.22u filter, 2ml of the sterilized solution was poured into each vial tube and lyophilized, and then the vial 
tubes were sealed. 

EXPERIMENTS 

50 



TCF-II 


20 ug 


Tween80 


2mg 


Sorbitol 


4g 



The above mentioned compositions were dissolved in PBS, and the resulted solution was filled up to 20 
ml with PBS. After sterilization by filtrating the solution using 0,22u filter, 2ml of the sterilized solution was 
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poured into each vial tube and lyophilized, and then the vial tubes were sealed. 
EXPERIMENT 11 



TCF-II 


40 ug 


Tween80 


2mg 


Glycine 


2g 



The above mentioned compositions were dissolved in physiological salt solution (0.8%NaCI), and the 
resulted solution was filled up to 20 mi with the same solvent. After sterilization by filtrating the solution 
using 0,22ji filter, 2ml of the sterilized solution was poured into each vial tube and lyophilized, and then the 
vial tubes were sealed. 

EXPERIMENT 12 



20 



TCF-II 


40 ug 


Tween80 


1mg 


Sorbitol 


2g 


Glycine 


10 



25 The above mentioned compositions were dissolved in physiological salt solution (0.8%NaCI), and the 
resulted solution was filled up to 20 ml with the same solvent. After sterilization by filtrating the solution 
using 0.22jx filter, 2ml of the sterilized solution was poured into each vial tube and lyophilized, and then the 
vial tubes were sealed. 

30 EXPERIMENT 13 



35 



TCF-II 


20 ug 


Sorbitol 


4g 


Human serum albumin 


50mg 



The above mentioned compositions were dissolved in PBS and the resulted solution was filled up to 20 
ml with PBS. After sterilization by filtrating the solution using 0.22u filter, 2ml of the sterilized solution was 
40 poured into each vial tube and lyophilized, and then the vial tubes were sealed. 



EXPERIMENT 14 



TCF-II 


40 ug 


Glycine 


2g 


Human serum albumin 


50mg 



so The above mentioned compositions were dissolved in physiological salt solution (0.8%NaCl), and the 
resulted solution was filled up to 20 ml with the same solvent After sterilization by filtrating the solution 
using 0.22u filter, 2m! of the sterilized solution was poured into each vial tube and lyophilized, and then the 
vial tubes were sealed. 

55 Industrial Availability 

The present invention provides a new glycoprotein. The glycoprotein in the present invention can be 
used as a tumor cytotoxic factor, leukemia cell line-differentiation inducing factor, cellular immunology 
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enhancing factor and vascular endotheial cell growth factor and so on, and can be provided usually. 

Moreover, the glycoprotein tn the present invention can be used as a biochemical or pharmacological 
reagent. 

Claims 

1. A glycoprotein which is obtained from the culture broth of human derived fibroblasts and which is 
characterized by the following physicochemical properties, 

a. Molecular weight; On the determinations of molecular weight by SDS gel electrophoresis, 
78,000±2,000 or 74,000±2,000 under the nonreduced conditions and a common band A with 
52,000±2,000 and band B with 30,0001 ±2,000 or band C with 26,000 ± 2,000 under the reduced 
conditions. 

b. Isoelectric point; 7.4 to 8.6. 

c. Heat stability; Stable in heating at 60° C for 10min. 

d. pH stability; Stable in the range of pH6 to 9. 

e. Carbohydrate chain; Adsorbed to a Concanavalin A (Con A)-Sepharose column. 

f. Biological activity; Inhibits the growth of KB cells, Hela cells, and L-929 cells but not lMR-90 cells. 

g. Reactivity to antibodies; The cytotoxic activity is not neutralized by anti-TNF antibody, anti- 
lymphotoxin antibody, and anti-interferon-^ antibody. 

h. N-terminal amino acid sequence; Above mentioned band B and band C are subchains of band A, 
respectively. N-terminus of band A is blocked. Band B and band C has common N-terminal amino 
acid sequence as follows; 

Val-Val-Asn-Gly-lle-Pro-Thr- 
or 



Val-Val-Asn-Gly-rie-Pro-Thr-X-THr-Asn-Ile-Gly-X-Met- 
Val-Ser-Leu- 

X means an unidentified amino acid. 

2. A pharmaceutical product of biological factor obtained from human-derived fibroblast, which contains 
the glycoprotein according to claim 1 as active component, moreover one or more of proteins nonionic 
detergents as adsorption preventor, or one or more of proteins, carbohydrates and amino acids as 
stabilizing agent, and which is characterized by the following biological activity 

© An antitumor activity: 

Inhibits the growth of KB, HeLa, MCF-7 and BG-1 which are human-derived tumor cell lines, and 
have a cytotoxic activity to mouse L-929 cells, and to Sarcoma 180, Meth A sarcoma and P388 
which are mouse tumor cell lines, but not inhibit the growth of IMR-90 cells which are human-normal 
cells. 

® A leukemia cell differentiation inducing activity: 

Induces the differentiation of the human-derived leukemia ceil line, HL-60 to granulocyte-like cells. 

© A cellular immunology enhancing activity: 

Stimulates the growth of human cytotoxic T cells 

(D A vascular endothelial cell growth stimulating activity: 

Stimulates the growth of human umbilical vein endotherial cells, HUVEC. 

(5) A hepatocyte growth stimulating activity: 

Stimulates the growth of adult rat hepatocytes. 

3. A pharmaceutical product of biological factor according to claim (2), in which the protein selected as 
the adsorption preventor is either albumin or gelatin. 

4. A pharmaceutical product of biological factor according to claim (2), in which the nonionic detergent 
selected as the adsorption preventor is either Tween 80 or Tween 20. 

5. A pharmaceutical product of biological factor according to claim (2), in which the protein selected as 



28 



EP 0 462 277 A1 



the stabilizing agent of the pharmaceutical product is either albumin or gelatin. 

6. A pharmaceutical product of biological factor according to claim (2), in which the carbohydrate selected 
as the stabilizing agent of the pharmaceutical product is sorbitol, mannitol or xyiitoL 

7. A pharmaceutical product of biological factor according to claim (2), in which the amino acid selected 
as the stabilizing agent of the pharmaceutical product is either glycine or alanine. 

8. A pharmaceutical product of biological factor according to claim (2), which contains various combination 
of one or more of proteins or nonionic detergents as adsorption preventor, and one or more of proteins, 
carbohydrates or amino acids as stabilizing agent. 

9. A DNA containing base sequence encoding TCF-II. 

10. A DNA containing base sequence encoding amino acid sequence showed in Figure 15. 

11. A cDNA containing base sequence encoding amino acid sequence showed in Figure 15. 

12. A cDNA sequence containing base sequence showed in Figure 15. 
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F I G . 1 




Tube Numbers 
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F I G . 2 

0.35 -i 




Tube Numbers 
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F I G . 3 



Tube Numbers 
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F I G . 4 




33 



EP 0 462 277 A1 



F I G . 5 




Phospholirase b 
(MW92000) 

Calf Serum Albumin 
(MW66000) 
Ovalbumin 
(MW43000) 

Carbonic Anhydrase 
(MW31000) 

Soy Bean Trypsin Inhibitor 
(MW21500) 



Marker TCF-H TCF-H 
(non-reduced) 

(reduced) 
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F I G . 6 




20 30 40 50 60 70 80 90 100 
Temperature (°C) 
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F I G . 7 
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F I G . 8 




Concentration of TCF-E (u./ml of wells) 
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FIG.10 



100 




TCF-H (m g/ml) 
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0 1.0 2.0 

TCF-H C/zg/mD 
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FIG. 12 FIG. 13 



30000- 



20000- 



I 



rl 



10000- 



O O i-H — ' I f ^ 



TCF- H (ng/ml) TCF- H (ng/ml) 
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TCF-E in g/mD 



42 



EP 0 462 277 A1 



Fi*.15 <I> 

-110 -100 -90 -80 -70 -60 

TAGGCACTGACTCCGAA 

-SO -40 -30 -20 -10 0 

CAGGATTCTTTCACCCAGGCATCTCCTCCAGAGGGATCCGCCAGCCCGTCCAGCAGCACC 

10 20 30 40 SO 60 

ATGTGGGTGACCAAACTCCTGCCAGCCCTGCTGCTGCAGCATGTCCTCCTGCATCTCCTC 
MWVTKLLPALLLQHYLLHLL 

70 80 90 100 . 110 120 

CTGCTCCCCATCGCCATCCCCTATCCAGAGGGACAAAGGAAAAGAAGAAATACAATTCAT 
LLP 1 A I PYAEGQRKRRNTI H 

130 140 150 160 170 130 

GAATTCAAAAAATCAGCAAAGACTACCCTAATCAAAATAGATCCAGCACTGAAGATAAAA 
EFK KSAKTTL I K I DPALK I K 

190 200 210 220 230 240 

ACCAAAAAAGTGAATACTGCAGACCAATGTGCTAA7AGATGTACTAGGAATAAAGGACTT 
TKKVNTADQCANRCTRNKGL 

250 260 270 280 290 300 

CCATTCACTTGCAAGGCTTTTGTTTTTGATAAAGCAACAAAACAATGCCTCTGGTTCCCC 
PFTCKAFYFDKARKQCLVFP 

310 320 330 340 350 360 

TTCAATAGCATGTCAAGTGGAGTGAAAAAAGAATTTGCCCATGAATTTGACCTCTATGAA 
FNSMS SGYKKEFGHEFDLYE 

• 370 380 390 400 410 420 

AACAAAGACTACATTAGAAACTGCATCATTGGTAAAGGACGCAGCTACAAGGGAACAGTA 
NKDYIRNCI IGKGRSYKGTY 

430 440 450 460 470 480 

TCTATCACTAAGAGTGGCATCAAATGTCAGCCCTGGAGTTCCATGATACCACACGAACAC 
SJTXSGIKCQPWSSH1PHEH 

490 SOO 610 520 630 540 

AGCTATCGGGGTAAAGACCTACAGGAAAACTACTGTCGAAATCCTCGAGGGGAAGAAGGG 
SYRGKDLQENYCRNPRGEEG 

550 560 670 580 590 600 

GGACCCTGGTGTTTCACAAGCAATCCAGAGGTACGCTACGAAGTCTGTGACATTCCTCAG 
GPWCFTSNPBVRYEYCDIPQ 

610 620 630 640 650 660 

TGTTCAGAAGTTGAATGCATGACCTGCAATGCGGAGACTTATCGAGGTCTCATGGATCAT 
C S E Y ECM TCNG ESYRGLM DH 

670 680 ' 690 . 700 710 720 

ACAGAATCAGGCAAGATTTGTCAGCGCTGGGATCATCAGACACCACACCGGCACAAATTC 
TESGK1 CQRWDHQTPHRHKF 

730 740 750 760 770 780 

TTGCCTGAAAGATATCCCGACAAGGGCTTTGATGATAATTATTGCCGCAATCCCGATGGC 
LFERYPDKGFDDNYCRNFDG 

790 800 810 620 830 840 

CAGCCGAGGCCATGGTGCTATACTCTTGACCCTCACACCCGCTGGGAGTACTGTGCAATT 
QPRPWCYTLDPHTRWEYCA 1 

850 860 870 880 890 900 

AAAACATGCGCTGACAATACTATGAATGACACTGATGTTCCTTTGGAAACAACTGAATCC 
KTCADNTMNDTDVPLETTEC 

910 920 930 940 950 950 

ATCCAAGGTCAAGGAGAAGGCTACAGGCGCACTGTCAATACCATTTGGAATGGAATTCCA 
1 QGQGEGYRGTVNT I WNG1 P 

970 980 990 1000 1010 1020 

TGTCAGCGTTGGGATTCTCAGTATCCTCACGAGCATGACATGACTCCTGAAAATTTCAAG 
CQRWDSQYPMB.HDMTPEMFK 

1030 1040 1050 1060 1070 1080 

TGCAAGGACCTACGAGAAAATTACTGCCGAAATCCAGATGGGTCTGAATCACCCTGGTGT 
CKDLnENYCRNPDGSESPWC 

1090 1100 1110 1120 1130 U40 

TTTACCACTGATCCAAACATCCGAGTTGGCTACTGCTCCCAAATTCCAAACTGTGATATG 
FTTDPNI RYGYCSQ1PNGDH 
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In a -chain 



Fi£.15 C2) 



1150 1160 1 L70 . 1180 1190 1200 

TCACATGGACAACATTGTTATCGTgCGAATGGCAAA AATTATATGGCCAACTTATCCCAA 
SHGQDCyitGMGJCMYMGNLSO' 

internal anino acid sequence 

• 1210 1220 1230 12-40 1250 1260 

ACAACATCTCCACTA ACATGTTCAATGTCCCACAACAACATGGAACACTTACATCCTCAT 
TRSGLTCSHVDKNMEDLHRH- 

1270 1280 1290 1300 1310 1320 

ATCTTCTGGGAACCAGATGCAAGTAACCTCAATGAGAATTACTGCCGAAATCCAGATGAT 
1 FWE PDASKLNENYCKNPDD 

1330 1340 1350 1360 1370 1380 

CATGCTCATGCACCCTGGTGCTACACGGGAAATCCACTCATTCCTTGGGATTATTGCCCT 
O.Ail.GFVCYTONPLl P V 3 Y C P 

1390 MOO 1410 . 1420 1430 1440 

ATTTCTCGTTGTGAAGGTGATACCACACCTACAATAGTCAA7TTAGACCATCCCGTAATA 
I SRCEGDTTFT1 Y N L D H F Y 1 

1450 1460 1470 1480 1490 1500 

TCTTGTCCCAAAACCAAACAATTCCCA CTTGTAAATCCGATTCCAACACCAACAAACATA 
■SCAXTKQLIIYYNG 1 PTIIT'N i 

•N-terainal in £ chain N-terminal amino acid sequence 

1510 1520 1530 1540 1550 1560 . * , . 

GGATGGATGGTTAG TTTGAGATACAGAAATAAACATATCTGCGGAGGATCATTGATAAAG W P "Cham 

GWMYSLRYRHJCKI CGGSJL* I K 

1570 1580 1590 1500 1610 1620 

GAGAGTTGGGTTCTTACTGCACGACAGTGTTTCCCTTCTCGAGACTTGAAAGATTATGAA 
ESWYLTARQCFPSRDLiCDYE 

1G30 1640 1660 1560 1670 1680 

- GCTTGCCTTGCAATTCATGATGTCCACGGAAGACGAGATGACAAATGCAAACAGG7TCTC - 
AVLGIHDYHGRGDEKCKQYL 

1690 1700 1710 ' 1720 1730 1740 

AATGTTTCCCAGCTGCTATATGCCCCTGAAGGATCAGATCTCGTTTTAATGAACCTTGCC 
NYSQLYYGPEGSDLYLMKLA 

1760 1760 1770 1780 1790 1800 

AGGCCTGCTGTCCTCGATGATTTTGTTAGTACGATTGATTTACCTAATTATGGATGCACA 
RPAYLDDFYST1 DLPNYGCT 

1810 1820 1830 ? 1840 1850 I860 

ATTCCTGAAAAGACCAGTTGCAGTGTTTATCCCTGGGGCTACACTGGATTGATCAACTAT 
J PEKTSCSYYGWGYTGLI NY"* 

internal aoino acid sequence 

1870 1880 1890 1900. 1910 1920 . 

GATGGCCTA TTACGAGTGGCACATCTCTATATAATGGGAAATGAGAAATGCAGCCAGCAT m P -Chain 

0GLLRYAKLY1 MGNEKCSQK 

1930 1940 -1950 . 1960 1970 1980 

CATCGAGGGAACGTGACTCTGAATGAGTCTGAAATATGTGCTGGGGCTGAAAAGATTCGA 
HRGKYTLNESEICAGAEXIG 

1990 2000 2010 2020 2030 2040 

TCAGGACCATGTGAGCGGGATTATGGTCGCCCACTTGTTTGTCAGCAACATAAAATGAGA 
SGPCEGOYGGPtYCEQHKMR 

2050 2060 2070 2080 2090 .2100 

ATGCTTCTTGGTGTCATTGTTCCTCGTCGTCGATGTCCCATTCCAAATCGTCCTGGTATT 
HYLGY I YPGRGCA IPNRPG 1 

2110 2120 2130 2140 2160 2160 

TTTGTCCGAGTAGCATATTATGCAAAATCGATACACAAAATTATTTTAACATATAAGCTA 
FYRYAYYAKWIHKI I 1* T Y K V 

2170 2180 2190 2200 2210 

CCACAGTCATAGCTGAAGTAAGTGTGTCTGAAGCACCCACCAATACAACTCT^ 
P„ Q S * 
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M VVTKLLPALLLQHV LLHLLLLP I A I PYAEGQRKRRNT I HEFKKS AKTTL I K I DPALK I K* 
****************************************^ 

MW YTKLLPALLLQHYLLHLLLLP 1 A J PYAEGQRKRRNT I HEFKKS AKTTL IK I DPALK IK 
1 

• 5 TKKVNTADQCANRCTRNKGLPFTCKAFVFDKARKQCLWFPFNSMSSGVKKEFGHEFDLYE 

************************************************** 
TKKVNTADQCANRCTRNKGLPFTCKAFVFDKARKQCLWFFFNSMSSGYKKEFGHEFDLYE 

61 

1 2 NKDY 1RNCI I GKGRSYKGTYS ITKSGl KCQPWSSHI PHEH SYRGKDLQENYCRNF 

**************************************** *************** 
NKDY1RNCI I GKGRSYKGTYS ITKSG I KCQPWSSM I PHEHSFLPSSYRGKDLQENYCRNP 

121 

17 RGEEGGPWCFTSNPEYRYEYCD1PQCSEVECMTCNGESYRGLMDHTESGKICQRWDHQTP 

************************************************************ 

RGEEGGPWCFTSNPEYRYEVCD I PQCSEYECMTCNGESYRGLMDHTESGK I CQRWDHQTP 

181 

23 HRHKFLPERYPDKGFDDNYCRNPDGQPRPWCYTLDPHTRWEYCAIKTCADNTMNDTDYPL 

************************************************************ 
HRHKFLPER YPDKGFDDN YCRNPDGQPRPWCYTLDFHTRWEYCA I KTCADNTMNDTD V PL 

241 

ETTEC 1 QGQGEG YRGTY NT I WNG I PCQRWDSQYPHEHDMTPENFKCKDLRENYCRNPDGS 
************************************************************ 
ETTEC I QGQGEG YRGTY NT I WNG I PCQRWDSQYFHEHDMTPENFKCKDLRENYCRNPDGS 

301 
o eg 

ESPVCFTTDPN I RVGYCSQ I PNCDMSHGQDCYRGNGKNYMGNLSQTRSGLTCSMVDKNME 

************************************************************ 
ESPWCFTTDPNIRVGYCSQIPNCDMSHGQDCYRGNGKNYMGNLSQTRSGLTCSMWDKNME 

361 

4 1 DLHRH I FVEPDASKLNENYCRNPDDDAHGPWCYTGNPLI FWDYCP I SRCEGDTTPT I YNL 
************************************************************ 
DLHRH i FWEPDASKLNENYCRNPDDDAHGPWCYTGNPLI PWDYCPl SRCEGDTTPT I YNL 

421 

4? DHPY 1 SCAKTKQLRYYNG I PTRTN1 GWMVSLRYRNKH I CGGSL1 KESWYLTARQCFPSRD 

****************************^******************************* 
DHFV1 SCAKTKQLRYYNG I PTRTN I GWMVSLRYRNKH I CGGSL I KESWYLTARQCFPSRD 

481 

LKDYEAWLG I HDYHGRGDEKCKQYLNVSQLV YGPEGSDLYLMKLARPAVLDDFY ST I DLP 
************************************************************ 
LKDYEAWLG I HDV HGRGDEKCKQVLN V SQLV YGPEGSDLVLMKLARPAVLDDFYST I DLP 

541 
596 

NYGCT1PEKTSCSYYGWGYTGLINYDGLLRVAHLYIMGNEKCSQHHRGKYTLNESEICAG 

************************************************************ 
NYGCT I PEKTSCS YYGWGYTGLI N YDGLLRY AHLY I MGNEKCSQHHRGKYTLNESEI CAG 

601 

6 5 AEK I GSGPCEGD YGGPLYCEQHKMRMY LGV J YPGRGCA I PNRPG 1 FVRY AYYAKW I HK 1 1 
*****************************^ 

AEKIGSGPCEGDYGGPLYCEQHKMRMVLGVI VPGRGCAIPNRPGI FVRVAYYAKV/IHKI 
661 

716 723 

t LTYKVPQS 

1 ******** 
LTYKVPQS 
721 728 
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